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(57) ABSTRACT

An optimized grille design that narrows the louver pitch and
narrows the louver construction so as to maintain the air flow
through the grille. An aerodynamic shape is applied to the
leading edge of the louver thus lowering drag and reducing
the pressure drop at the inlet.
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OPTIMIZED BENT BAR GRILLE

RELATED APPLICATION

The present application claims the benefit of U.S. Provi-
sional Application No. 61/775,195 entitled “OPTIMIZED
BENT BAR GRILLE”, filed Mar. 8, 2013, which is incorpo-
rated herein by reference in its entirety.

FIELD OF THE INVENTION

The present invention generally describes a grille for
vehicles and more specifically a design for a ballistic grille for
armored vehicles.

BACKGROUND OF THE INVENTION

Ballistic grilles are used to provide protection as well as
airflow. Openings for air flow through the grille inherently
create protection problems for the occupants of the vehicle. In
order to provide protection, the grille must be made of mate-
rials to withstand threats so that projectiles do not enter the
vehicle. This makes grilles comparatively heavier but not as
well protected as the rest of vehicles armor. Bars or louvers of
existing grilles may slow or catch a threat, but because they
are open they may not fully stop a penetrator, spall or small
fragments that may break off and pass thru the openings to
impact crew or components behind the grille.

In the prior art, aluminum S-shaped louvers formed grilles,
which were used to provide protection for intake and exhaust
vents on armored vehicles. Grille armor has consisted of
louvers, typically in a chevron or S shape. Made of aluminum
or steel, the louvers are spaced to provide a circuitous open
path that air can flow through. Projectiles that fly in a straight
line are stopped by contact with the louvers. However, thick
louvers block airflow or create stagnation points which affect
engine performance.

Current grilles by themselves do not provide sufficient
protection against high velocity artillery threats. But spacing
or pitch of the existing grill leaves sections of the grille fairly
open, so that threats don’t hit much of the grille. Thus, there
is a tradeoff between the desired protection and desired air
flow.

Recently development has focused on an existing grille
which uses 3" highx0.25" thick 4130 steel louvers. The bars
are bent at 60 degrees and spaced 1" apart. When baseline
ballistic test and flow models were done it was determined
that the grille itself may not be sufficient.

The earlier designs have not worked to maximize the air-
flow while maintaining protection. A grille design is needed
that allows airflow with minimal pressure drops. Air flow is
affected by spacing between the bars, width of the bars, and
dimensions along the width of the bars. The objective is to
create a new grille which improves ballistic protection,
reduces pressure drop and maintains flow volume over exist-
ing steel bent bar grille.

SUMMARY OF THE INVENTION

The present invention is for a ballistic grille which uses
shaped metal bars. The bar shape is improved for better air
flow and ballistic protection. The bars may be of steel or other
comparable material that can withstand the expected threats.

This grille design uses a closer pitch louver or bar to create
more interference with threats. But, it uses thinner bars so that
the percent open area for air flow remains the same. Flow
modeling shows that the pressure drop and mass flow through
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the closer pitch grille is the same as with existing designs.
Modeling flow profiles show high velocity and high pressure
drop at the square openings of the grille. Chamfering or
breaking the square corner at the inlet/opening yielded an
additional 30% reduction in pressure drop.

The present invention may include adding an aerodynamic
feature, such as rounding, chamfering, slanting, beveling or
other means to change the traditional square end of the inlet
end of the louver. In a first embodiment, chamfering at both
ends of the louver may be provided. In the first embodiment,
louvers are 0.1875" thick at a pitch of 0.7585". The chamfer
2215 0.06"@45° just on the inner edge. The bend angle at the
vertex is 60°, and the overall height is 3". Chamfering may be
needed only at the inlet end. Alternatively, the louver may
have rounding at the inlet and a taper to the outlet to further
reduce pressure drop. In the second embodiment, the bar
would remain 0.1875" thick. Removing the material of the
round and lower taper removes mass from the bar. To keep the
same area density, the pitch could be reduced to 0.7192". This
would increase the overlap between bars, improving ballis-
tics. Drag coefficient tables for straight bars indicate the drag
coefficient at approximately 1. Drag coefficients for a
rounded entry and tapered exit are approximately 0.5.

The revised configuration may use 4130 steel or Class 2
RHA (MIL-DTL-12560). But metals with higher strength
and toughness would have higher ballistic performance. Ear-
lier testing showed materials with a high Figure of Merit
(Area under stress strain curve (elongation *(yield+ultimate)/
2) have higher ballistic performance than 4130 steel. Inconel
625 was the best material in these tests but other materials that
have been demonstrated to perform or should perform well
include, 304 Stainless Steel, and High Nickel Steels like
Armox® 440, Armox® 500, Mars 220, and Mars 250, HY
100 steel.

Another material option would to use a heat treatable steel
and selectively treat different parts of the bar to different
hardness. The tip of the bar could be harder, Rc 50, to initially
induce projectile shattering or more erosion as the round
enters the grille. The back of the bar could remain softer, Rc
25 to 30, and tougher to better catch projectiles, and be less
prone to having small fragments break off of it.

Another embodiment would be for a grill using the reduced
pitch, thinner bar with a rounded inlet and a tapered outlet
which uses an improved material like front hardened or
Inconel 625 grille bars.

In an embodiment, the pitch between louvers is equal to the
width of the louver, the louver width defined as the perpen-
dicular distance from the louver vertex to a line connecting
the tips of the inlet side arm and the outlet side arm.

In an embodiment, the pitch between louvers is less than
the width of the louver, the louver width defined as the per-
pendicular distance from the louver vertex to a line connect-
ing the tips of the inlet side arm and the outlet side arm.

In an embodiment the overlap between louvers is equal to
or greater than the thickness of the louver at the vertex.

The present invention also includes a method for defeating
a ballistic threat to an airhandling grille of a vehicle. The
method comprises attaching a ballistic grille with a plurality
of'shaped metal louvers to the vehicle, positioning the plural-
ity of louvers disposed within the grille, said louvers mounted
in parallel across the length of the grille frame so that the
ballistic threat must strike the louvers, wherein the louvers
have an inlet side arm and an outlet side arm, the inlet side arm
corresponding to the direction of a threat and the outlet side
arm closer to the vehicle; and setting a pitch between louvers
that is less than the width of the louver, the louver width
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defined as the perpendicular distance from the louver vertex
to a line connecting the tips of the inlet side arm and the outlet
side arm.

The method may also include the inlet side arm having an
aerodynamically shaped leading edge. The aerodynamically
shaped leading edge being a chamfered end. Alternatively,
said aerodynamically shaped leading edge being a rounded
end. The outlet side arm may also include a chamfer face or a
tapered side.

The above summary of the various representative embodi-
ments of the invention is not intended to describe each illus-
trated embodiment or every implementation of the invention.
Rather, the embodiments are chosen and described so that
others skilled in the art can appreciate and understand the
principles and practices of the invention. The figures in the
detailed description that follow more particularly exemplify
these embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view one embodiment of an exhaust
grille for an armored vehicle.

FIG. 2 is a perspective view of an embodiment of an intake
grille for an armored vehicle.

FIG. 3 is a perspective view of the underside of the intake
grille for the armored vehicle of FIG. 2.

FIG. 4 is a planar view of the armored grille of FIG. 2.

FIG. 5 is a side view of one embodiment of a plurality of
louvers having chamfer.

FIG. 6 is a side view of another embodiment of a plurality
of louvers having round inlet and tapered outlet.

FIG. 7 is a broken planar view of a louver.

FIG. 8 is a cross sectional view of a plurality of louvers
taken at A-A of FIG. 4.

FIG. 9 is a side view of a louver.

FIG. 10 is a perspective view of another embodiment of an
armored grille.

FIG. 11 is a side view of the armored grille of FIG. 10.

FIG. 12 is a cross sectional view of a plurality of louvers of
the grille of FIG. 11 taken at line B-B.

While the invention is amenable to various modifications
and alternative forms, specifics thereof have been shown by
way of example in the drawings and will be described in
detail. It should be understood, however, that the intention is
not to limit the invention to the particular embodiments
described. On the contrary, the intention is to cover all modi-
fications, equivalents, and alternatives falling within the spirit
and scope of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring generally to FIGS. 1-12, in one embodiment,
grille 100 comprises a plurality of louvers 10. FIGS. 1-4
depict various grille 100 structures depending on the required
use. FIG. 1 is a perspective view one embodiment of an
exhaust grille for an armored vehicle. FIG. 2 is a perspective
view of an embodiment of an intake grille for an armored
vehicle. FIG. 3 is a perspective view of the underside of the
intake grille for the armored vehicle of FIG. 2. FIG. 4 is a
planar view of the armored grille of FIG. 2. Louvers 10 are
disposed within a grille frame 102. The grille frame 102 is
surrounded by a grill flange 104 which permits mounting of
the grille 100 within an armored vehicle. A honeycomb struc-
ture 106, as shown in FIG. 3, maybe positioned on the interior
face of the grille structure 104 to provide additional protec-
tion to the interior components and or personnel. Typically,
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the grille structure 102 will include an access section 108 so
that grille frame 102 can be removed.

The louvers 10 generally extend from a first end of the
grille frame 102 to the opposing second end of the grille frame
102. The louvers 10 are spaced in a parallel with each other
across the grille frame 102. In this application the term pitch
is used to denote the spacing of the louvers relative to each
other. For example, in the prior art, louvers were spaced
approximately 1" apart. In the present application, the louver
pitch is closer based on the design of the louvers 10.

In one embodiment, each of the plurality of louvers 10 may
be composed of aluminum, steel, rolled homogenous armour
(RHA), heat treatable steel, polymer, or other comparable
material that can withstand the explosions, fire, and other
threats present in a combat zone. In one embodiment, the
louvers 10 of grille 100 may be created using heat treatable
steel.

In one embodiment, as depicted in FIG. 5, louver 10 is
generally V-shaped and is formed as a single integral piece.
Louver 10 comprises inlet side arm 12, outlet side arm 14,
acute face 16, obtuse face 18 and vertex 20. The louvers 10 are
positioned so that air can move between adjacent louvers 10
butthat a projectile cannot move in a straight line between the
louvers 10. As shown in FIGS. 5 and 6, vertex 20 is nested into
the acute face 16 of the adjacent louver 10. The goal is to have
any projectile strike at least one surface of the louver 10 while
passing through the grill 100.

With respect to FIG. 5, louver 10 includes symmetrical
inlet side arm 12 and outlet side arm 14. Both inlet side arm 12
and outlet side arm 14 include a chamfer face 22 and an end
face 24. The chamfer face 22 is positioned on the acute face
16. The chamfer face 22 is angled to be parallel to the normal
of'the grille frame 102. In this embodiment, the inlet side arm
12 terminates at a square corner creating end face 24.

In one embodiment, the various portions of the louver 10
may be selectively treated to different hardness levels. In one
embodiment, inlet side arm 12 may be selectively harder than
the rest of the louver; for example, it could be hardened to
approximately Rec 50. In one embodiment, outlet side arm 14
may be selectively softer than the inlet side arm 12; for
example it could be hardened to approximately Rc 25 to
approximately Rc 30. In operation, a selectively treated,
harder inlet side arm 12 may induce more projectile shatter-
ing and erosion when a projectile enters the grille 100. In
operation, a selectively treated, softer outlet side arm 14 may
be better at catching projectiles and less prone to fragmenta-
tion.

The louvers 10, in a first embodiment, are 0.1875" thick at
a pitch of 0.7585". The chamfer 22 is 0.06" @45° just on the
inner edge. The bend angle at vertex 20 is 60°, and the overall
height is 3". To insure consistent ballistic and flow perfor-
mance, the tolerance of the grill pitch and thickness should be
held to tight tolerances +0.005/-0.003 on the thickness. The
louver 20 spacing may vary +/-0.01" between louvers, but the
average spacing should be 0.7585" across the grille. Ballistic
grilles 100 serve dual use as both armor and mobility com-
ponents. Armor component tolerances may be Yis", but
mobility components are typically a few thousandths of an
inch.

With respect to FIG. 6, louvers 30 comprise inlet side arm
32, outlet side arm 34, acute face 36, obtuse face 38 and vertex
40. The louvers 30 are again positioned so that air can move
between adjacent louvers 30 but that a projectile cannot move
in a straight line between the louvers 30. As shown in FIG. 6,
vertex 40 is nested into the acute face 36 of the adjacent louver
30. The goal is to have any projectile strike at least one surface
of the louver 30 while passing through the grill 100.
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FIG. 6 includes asymmetrical inlet side arm 32 and outlet
side arm 34. Inlet side arm 32 includes constant thickness that
terminates at a rounded face 42. The outlet side arm 34 has a
tapered thickness section 44 that terminates at an end face 46.
The tapering occurs to the acute face 36. The end face 46 is
perpendicular to obtuse face 38. In operation, the use of a
rounded face 42 and tapered thickness section 44 yields addi-
tional pressure drops beyond the approximately 30% pressure
drop created when using a square corner 24 as shown in FIG.
5. In operation, the rounded face 42 and tapered thickness
section 44 creates a drag coefficient of approximately 0.5 as
compared to a drag coefficient of 1 for straight bars. In FIG. 6,
louver 30 has a thickness of approximately 0.1875" with a
tolerance range of +0.005/-0.003. and the pitch of louvers 30
may be lowered from approximately 0.7585" to approxi-
mately 0.7192".

FIG. 7 depicts a louver 10 in planar view. The length 48 of
louver 10 is dependent on the size of the grille 100. The width
50 in most applications in 3". The goal is obviously to mini-
mize width while maintaining ballistic effectiveness.

FIG. 8 depicts a cross sectional view of a representative
grille 100 of FIG. 4 taken at axis A-A. Louvers 10 are dis-
posed within a grille frame 102. The grille frame 102 is
surrounded by a grill flange 104 which permits mounting of
the grille 100 within an armored vehicle. The louvers 10
appear in parallel alignment with pitch noted as 120. Louver
10 comprises inlet side arm 12, outlet side arm 14, acute face
16, obtuse face 18 and vertex 20. The louvers 10 are posi-
tioned so that air can move between adjacent louvers 10 but
that a projectile cannot move in a straight line between the
louvers 10. Louver 10 includes symmetrical inlet side arm 12
and outlet side arm 14. Both inlet side arm 12 and outlet side
arm 14 include a chamfer face 22 and an end face 24. The
chamfer face 22 is positioned on the acute face 16. The
chamfer face 22 is angled to be parallel to the normal of the
grille frame 102. In this embodiment, the inlet side arm 12
terminates at a square corner creating end face 24.

FIG. 9 is a cross sectional view of louver 10. In this
embodiment, the bend angle 52 is 60° degrees and total angle
54 of acute face 16 is 120 degrees. Inlet side arm 12 is 1.5
inches.

FIGS. 10 and 11 depict perspective and side views of an
alternate embodiment for air cleaner grille 200. Louvers 210
are disposed within a grille frame 202. The grille frame 202 is
surrounded by a grill flange 204 which permits mounting of
the grille 200 within an armored vehicle. The louvers 210
appear in parallel alignment. The louvers 210 are attached to
the grille frame by welding or in the alternative, louver
flanges may slidingly engage grille frame slots. The flanges
may then be welded to grille frame. FIG. 12 is a cross sec-
tional view of FIG. 11 at B-B. The louver 210 comprises inlet
side arm 212, outlet side arm 214, acute face 216, obtuse face
218 and vertex 220. Only the inlet side arm 212 includes a
chamfer face 222 and an end face 224. The chamfer face 222
is positioned on the acute face 216. The chamfer face 222 is
angled to be parallel to the normal of the grille frame 202. In
this embodiment, the inlet side arm 212 terminates at a square
corner creating end face 224. Outlet side arm 214 has square
end 226. The louver spacing or pitch 230 is 0.75".

While the invention is amenable to various modifications
and alternative forms, specifics thereof have been shown by
way of example in the drawings and described in detail. It is
understood, however, that the intention is not to limit the
invention to the particular embodiments described. On the
contrary, the intention is to cover all modifications, equiva-
lents, and alternatives falling within the spirit and scope of the
invention as defined by the appended claims.
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The invention is:

1. A ballistic grille which uses a plurality of shaped metal
louvers, the metal louvers are shaped to improve air flow and
ballistic protection, the ballistic grille comprising;

a grille frame;

a grille flange surrounding the grille frame, said grille
flange extending from the grille frame for mounting the
ballistic grille to a vehicle;

the plurality of louvers disposed within the grille frame,
said louvers mounted in parallel across the length of the
grille frame so that a projectile entering the ballistic
grille must strike the louvers;

wherein the louvers are a continuous metal bar with an inlet
side arm and an outlet side arm, the inlet side arm cor-
responding to the direction of a threat and the outlet side
arm closer to the vehicle, said inlet side arm and outlet
side arm forming the sides of an angle joined at a louver
vertex, the inlet side arm having an aerodynamic shape
on a leading edge of the louver and

wherein the inlet side arm and the outlet side arm are made
of the same material, said inlet side arm material hard-
ened more than the outlet side arm.

2. The ballistic grille of claim 1 wherein the inlet side arm

and the outlet side arm have the same length.

3. The ballistic grille of claim 1 wherein the acrodynamic
shape of the leading edge of the inlet side arm of the louver is
rounded.

4. The ballistic grille of claim 1 wherein the acrodynamic
shape of the leading edge of the inlet side arm of the louver is
chamfered, the chamfered face is angled to a closed side of the
louver vertex so as to create a leading edge surface to the
louver.

5. The ballistic grille of claim 4 wherein the leading edge
surface of the louver is flat.

6. The ballistic grille of claim 1 wherein the aerodynamic
shape of the leading edge of the inlet side arm of the louver
and the outlet side arm of the louver are chamfered, the
chamfered face is angled to an acute side of the louver vertex.

7. The ballistic grille of claim 1 wherein a pitch between
louvers is equal to the width of the louver, the louver width
defined as the perpendicular distance from the louver vertex
to a line connecting the tips of the inlet side arm and the outlet
side arm.

8. The ballistic grille of claim 1 wherein a pitch between
louvers is less than the width of the louver, the louver width
defined as the perpendicular distance from the louver vertex
to a line connecting the tips of the inlet side arm and the outlet
side arm.

9. The ballistic grille of claim 1 wherein an overlap
between louvers is equal to the thickness of the louver at the
louver vertex.

10. The ballistic grille of claim 1, said louver vertex angle
is 120 degrees.

11. The ballistic grille of claim 1 wherein a honeycomb
structure is attached to the grille structure.

12. A method for defeating a ballistic threat to an airhan-
dling grille of a vehicle, the method comprising:

attaching a ballistic grille with a plurality of shaped metal
louvers to the vehicle, positioning the plurality of lou-
vers disposed within the grille, said louvers mounted in
parallel across the length of the grille frame so that the
ballistic threat must strike the louvers, wherein the lou-
vers are a continuous metal bar with an inlet side arm and
an outlet side arm, the inlet side arm corresponding to
the direction of a threat and the outlet side arm closer to
the vehicle, wherein the inlet side arm and the outlet side
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arm are made of the same material, said inlet side arm
material hardened more than the outlet side arm; and

setting a pitch between louvers that is less than the width of
the louver, the louver width defined as the perpendicular
distance from the louver vertex to a line connecting the 5
tips of the inlet side arm and the outlet side arm.

13. The method for defeating a ballistic threat of claim 12,
said inlet side arm further including an aerodynamically
shaped leading edge.

14. The method for defeating a ballistic threat of claim 13, 10
said aerodynamically shaped leading edge being a chamfered
end.

15. The method for defeating a ballistic threat of claim 13,
said aerodynamically shaped leading edge being a rounded
end. 15

16. The method for defeating a ballistic threat of claim 12,
said outlet side arm including a tapered side.

17. The method for defeating a ballistic threat of claim 12,
said outlet side arm including a chamfered face.
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